Mountain AD, Kirby RL, Smith C, Eskes G, Thompson K: Powered wheelchair skills training for persons with stroke: a randomized controlled trial. Am J Phys Med Rehabil 2014;93:1031Y1043.
Upon completion of this article reporting a randomized controlled trial of a structured approach to powered wheelchair skills training for people with stroke, the reader should be able to: (1) Describe research evidence supporting a structured approach to manual and powered wheelchair skills training; (2) Understand the benefits of structured powered wheelchair training in the stroke population; and (3) Understand the influence of spatial neglect on powered wheelchair skills training.
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A high proportion of people with stroke who are discharged from rehabilitation centers use wheelchairs. 1, 2 People with stroke who use manual wheelchairs with the hemiplegic-propulsion pattern (sound leg and sound arm) often have difficulty with skills involving high rolling resistance 3, 4 and may benefit from the use of powered mobility. Some of the reported benefits of powered mobility, for a wide range of users, include improved well-being, improved self-esteem, reduced pain, enhanced activity performance, and independence. 5Y10 A recent study by Pettersson et al. 11 on powered wheelchairs for persons with stroke showed improvements in a variety of dimensions, including independence and quality-of-life. However, powered wheelchair use is not without challenges, including difficulty maneuvering in tight spaces, handling difficulties for caregivers, injuries, and higher costs than for manual wheelchairs. 7, 9, 11, 12 The powered wheelchair option is often overlooked for people with stroke, particularly when the person has coexistent cognitive or perceptual impairments. 13Y15 Spatial neglect (difficulty orienting, responding, or attending to information from the side of the body and/or environment contralateral to the stroke) is a common attentional disorder caused by stroke. It is most frequent after a right hemispheric stroke, potentially causing neglect of limbs and objects on the left side. 16 Spatial neglect can have important functional consequences, including difficulties in safely negotiating obstacles in the environment. 17Y19 Most researchers conducting studies on powered mobility that have included people with stroke either have excluded those with cognitive impairment or did not comment on whether any degree of cognitive impairment was present in their participants. 6, 7, 10, 20 Thus, information is lacking on the impact of cognitive impairment and/or spatial neglect on the ability to use powered wheelchairs.
The World Health Organization has published guidelines on the provision of wheelchairs that include an eight-step service delivery process. 21 One of these steps is user training. The Wheelchair Skills Training Program (WSTP), which combines recommendations on how to perform each set of skills with recommendations on how to teach motor skills, is applicable to both manual and powered wheelchairs. 22 The WSTP has been shown in four randomized controlled trials to result in larger improvements in manual wheelchair skills than standard rehabilitation programs. 23Y26 However, there has been only one small uncontrolled study on the use of the WSTP for powered wheelchair users with stroke. Mountain et al. 27 carried out a pilot study of ten inpatients with stroke (six with neglect), examining the participants' abilities to safely learn to use a powered wheelchair. The participants each received five 30-min WSTP training sessions. The total percentage Wheelchair Skills Test (WST) 3.2 score improved from a mean of 25% at baseline to 72% after training (P = 0.002).
The primary objective of this study was to test the hypothesis that people with stroke who receive formal powered wheelchair skills training improve their wheelchair skills to a significantly greater extent than participants in a control group who do not. The secondary objective was to explore the influence of spatial neglect on the capacity to learn powered wheelchair skills. These findings will have important implications for the refinement of the wheelchair provision process, especially for persons after stroke.
METHODS

Study Design
This was a randomized controlled trial. Testers were blinded to group allocation; they were not involved in training.
Ethical Issues
The study was approved by the Research Ethics Board of the Capital District Health Authority. All participants provided informed consent.
Sample Size
On the basis of the power needed to test the primary hypothesis with a power of 0.80, a type I error rate of 0.05, and an SD of 15%, 27 before the study, it was estimated that a sample size of 20 would be needed to show a clinically significant relative change of 20% on the WST scores between the two treatment groups. Such effect sizes have been found in previous WSTP training studies. 23Y27
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Recruitment and Screening
Potential participants were initially approached by clinicians involved in their care. Screening was carried out by these clinicians and a research assistant, using data gathered from chart review and interview. Each participant met the following inclusion criteria: had a primary diagnosis of stroke, was competent to provide informed consent, was willing and able to participate (as evidenced by completion of at least the baseline assessment), required no more than minimal assistance for communication, was able to attend a 20-min therapy session, was able to be safely seated in the powered wheelchair that was used for the study, had no significant visual impairment, was not currently using a powered wheelchair, and had no physical or mental health conditions that would make participation dangerous.
Demographic, Clinical, and Wheelchair Use Data
To describe the sample, demographic, clinical, and wheelchair use data were collected, specifically age, sex, time since stroke (days), stroke location, stroke etiology, total Functional Independence Measure 28 scores (18Y126), duration of manual wheelchair use (weeks), daily use of manual wheelchair (hours), and automobile-driving experience before the stroke (yes/no). Some relevant baseline cognitive and perceptual tests were also performed, specifically the Montreal Cognitive Assessment 29 (a standardized test of overall cognitive ability), the Behavioral Inattention Test 30 (a widely used standardized test of spatial neglect), and the Test of Praxis 31 (a measure of learned skilled movements).
Powered Wheelchair
All participants used the same mid-wheel drive powered wheelchair (Invacare Model TDX SP) for the testing and training activities (Fig. 1 ). The wheelchair seat was 46-cm wide (able to accommodate 41-to 51-cm widths with simple modifications/padding) and had adjustable armrests and footrests. The control box could be mounted on either the right or the left side, had a joystick control, had an on/off switch, had a high/low speed switch, and had four driving program options, with the chair programmed to be in the slowest speed when the power was turned on. The wheelchair had a tilt but not a recline function. The wheelchair was fitted with an attendant emergency shut-off switch that could be activated if any safety concerns arose.
Group Allocation
A stratified block randomization strategy was used. With the use of a computer-generated table of random numbers, the participants were allocated to two equal-sized groups (intervention and control) and stratified by the presence or absence of spatial neglect (defined as a score of G129 on the Behavioral Inattention Test). 30 
Wheelchair Skills Training
The participants in the intervention group received up to five 30-min one-on-one training sessions, at a target frequency of three to five sessions per week, aimed at improving their powered wheelchair skills. The training sessions were conducted using the principles and procedures of the WSTP 4.1. 22 Although it would have been permitted as part of standard rehabilitation care, no participant in FIGURE 1 A person with stroke ascending a 5-degree incline in the powered wheelchair used for this study. The either group used a powered wheelchair during the period of the study other than for the study assessments (both groups) and the study training (intervention group). Although the authors recognized that the participants in the intervention group received attention as part of the skills training, they elected not to use an active control intervention because they did not expect that attention alone would have an effect on the outcome measure used (an objective test of wheelchair skills). 32, 33 Outcome Measure
The outcome measure was the total percentage capacity score of the powered wheelchair version of WST 4.1. 34 The measurement properties of the WST have been reported. 35Y38 WST 4.1 for powered wheelchairs is a standardized assessment of 32 powered wheelchair skills (listed later). Each skill was objectively assessed (pass/fail) (e.g., as shown in Fig. 1 ) on the basis of explicit evaluation criteria. 34 The total percentage WST score was the number of passed scores divided by the number of possible skills Â 100%. As noted previously, the wheelchair used in this study did not have a recline function, so the study was carried out on 31 skills. For one participant who was unavailable for objective testing, the questionnaire version of the WST (WST-Q) was used for the posttraining (T2) WST. The authors believed this to be justifiable because there is a strong correlation between the WST and WST-Q total scores. 37Y39 Using WST-Q data when WST data cannot be collected is an approach that is recommended by the test developers 35 and has been used in an earlier study by Routhier et al. 26 
Procedure
After recruitment and informed consent, demographic, clinical, and wheelchair use data were collected from the participant and chart review. The participant then underwent a series of evaluations (the Montreal Cognitive Assessment, the Behavioral Inattention Test, the Test of Praxis, and the WST) to determine his/her baseline (T1) status. The participants in the intervention group then received training. After a minimum of 3 days after training for those participants in the intervention group, the T2 WST was administered. The control group participants completed the T2 WST 2 wks after the first test (comparable with the latency between the pretraining and posttraining WSTs for the intervention group).
Data Analysis
The data were entered into a database (Microsoft Access 2003), and statistical software (SAS Version 9.3) was used for the analysis. Statistical significance was defined as P G 0.05. Where the continuous data were normally distributed, means and standard deviations were calculated; where the data were nonnormal, median values and interquartile (IQR) ranges were calculated. Group comparability was assessed by comparing variables from the baseline assessments. Wilcoxon's rank-sum tests were used for the comparison of continuous variables because the data were not normally distributed. The W 2 and Fisher's exact tests were used to assess categorical variables. Because of the small numbers involved, the characteristics of the dropouts were descriptively compared with those of the participants who completed the study.
To address the study objectives, a rank order analysis of covariance was performed (because the data did not meet the assumption of normality and homogeneity of variance) on the outcome of WST change score (T2 minus T1), treating the T1 score as a covariate. This analysis design looked at whether there was a group (intervention vs. control) effect on the outcome when applied to individuals with the same T1 score. This method combines the techniques of analysis of variance and regression, controlling for the additional source of variation, the pretest WST score. The group by T1 WST score interaction was also evaluated, thereby looking at any influence of T1 score within the groups. A secondary analysis was performed, including spatial neglect (presence or absence) as an additional factor. An intention-to-treat analysis was carried out to see whether the dropouts affected the validity of the findings. To do so, two strategies were used, first carrying forward the T1 WST data for the dropouts to T2 and, second, using the median group T2 score of the participants in each group who completed the study as the T2 scores for the dropouts.
Because the large number of individual skills would have limited statistical power, the authors elected to evaluate individual skills descriptively. For this purpose, any T1 vs. T2 difference in success rate of 20% or more was defined as clinically significant.
RESULTS
The Consolidated Standards of Reporting Trials (CONSORT) diagram is shown as Figure 2 . During the period of enrollment, there were 256 patients with a primary diagnosis of stroke admitted to the authors' rehabilitation center. Assuming that 40% of them were using a wheelchair, 2 the potential pool of participants was 102. Of these, 28 were formally screened, of whom 5 did not meet the inclusion/exclusion criteria. The remaining 23 were enrolled and randomly allocated to the groups. There were six dropouts between T1 and T2, three from each group. The reasons for dropping out were discharge earlier than expected (3), deterioration in health (1), deterioration in mental competence (1), and unknown (1) . From the intervention and control groups, nine and eight participants completed T2 and were analyzed.
The demographic, clinical, and wheelchair use data for the 17 participants who completed the study are shown in Table 1 . There were no significant differences between the intervention and control groups at baseline, with the exceptions that the mean Montreal Cognitive Assessment score was higher in the intervention group (P = 0.027) and there was a slightly higher proportion of people with strokes caused by hemorrhage in the control group (P = 0.043). There were a few differences between the 6 people who dropped out and the 17 who completed the studyVthe dropouts had a Powered Wheelchair Skills Training longer period since stroke (median of 57 days), a greater proportion (66.7%) of people with brainstem or cerebellar strokes, a higher proportion (50%) of strokes caused by hemorrhage, and a longer period of wheelchair use (mean of 7.1 wks). Regarding the total WST scores for the 17 participants who completed the study, there was no significant difference between the intervention and control groups at baseline (T1), with median (IQR) values of 64.5% (41.9) and 53.2% (24.2) (P = 0.924). At T2, the median (IQR) values for the intervention and control groups were 83.9% (32.3) and 54.8% (38.7) . These values are illustrated in Figure 3 .
The WST change score value (T2 j T1) for the intervention group was significantly higher than that for the control group, with median (IQR) values of 19.4% (16.1) and 0.0% (14.5) (P = 0.006 on the Wilcoxon's test). The relative improvements (median change score/median T1 score Â 100%) were 30% for the intervention group and 0% for the control group. The rank order analysis of covariance on the WST change score, having adjusted for the T1 score, showed a significant effect caused by group (P = 0.0001). The control group by T1 WST score was not statistically significant (P = 0.346) and was therefore removed from the model. In the secondary analysis, there was no significant difference in WST change score related to the presence of spatial neglect (P = 0.923). The intention-to-treat results were consistent with the results obtained when only those participants with complete data were included.
The success rates for the individual skills are shown in Table 2 . For the intervention group, the success rates were at least 20% higher at T2 than T1 for 16 (51.6%) of the 31 individual skills, and for 1 skill (3.2%), the success rate was at least 20% lower. For the control group, the success rates were at least 20% higher at T2 than T1 for 8 (25.8%) of the individual skills, and for 5 (16.1%), they were at least 20% lower.
DISCUSSION
The study objectives were accomplished, corroborating the authors' hypothesis that people with stroke using powered wheelchairs who receive formal wheelchair skills training improve their wheelchair skills to a greater extent (30% median relative improvement) than participants in a control group who do not (0% improvement). This difference was both statistically and clinically significant. The magnitude of the improvement as a result of training was consistent with that of the uncontrolled study on powered wheelchairs for people with stroke carried out by Mountain et al. 27 and similar to the magnitude of improvements seen in randomized controlled trials carried out on manual wheelchairs. 23Y26 As the authors had hoped, and as was suggested by the earlier uncontrolled study of Mountain et al., 27 there was no significant effect on changes in powered wheelchair ability over time caused by the presence of spatial neglect, although caution must be taken on this conclusion given the small numbers. The success rates for some of the individual skills improved to a greater extent than others, as has been the case for earlier studies on manual wheelchairs. 23Y26 These findings are significant from a number of perspectives. First, although there is widespread consensus on the appropriateness of the World Health Organization eight-step process for wheelchair service delivery, there is limited evidence as yet to document the superiority of this approach. 40 The current study provides new evidence in support of the training step of the World Health Organization process. Second, the findings of the current study extend the promise of formal wheelchair skills training from manual to powered wheelchairs. Although this may appear to be self-evident, the types of skills needed to safely operate manual and powered wheelchairs are different in many ways. Finally, the findings of the current study should suggest to clinicians that a powered wheelchair may be an appropriate consideration for some people with stroke, even those with spatial neglect.
In this study, no difficulties related to the powered version of the WST were experienced. The findings of this study illustrate the responsiveness of the WST. The findings also provide evidence of the construct validity of the WST, in that the WST scores were sensitive to an intervention (training) that would be expected to have a positive effect on WST scores.
Study Limitations
This study had limitations, some of which have already been noted. The sample size was small. Although this prevented much in the way of secondary statistical analyses and the interpretation of the secondary analysis done with spatial neglect required caution, there was adequate statistical power to meet the primary objective because the magnitude of the difference between the groups with respect to the WST change score size was large. The a priori power analysis used to estimate the necessary sample size was based on a set of assumptions. In the actual study, the SD for the WST change scores was approximately as assumed but the effect size was higher than . The large number of dropouts was also a limitation, but the dropouts were equally distributed between the two groups and the reasons for dropping out were unrelated to the intervention. The use of intentionto-treat analysis provides reassurance that the conclusions based on the analysis of the participants who completed the study are valid. An active control intervention was not used. The attention that accompanied the training might have had a positive impact on subjective outcome measures, but the authors do not believe that attention alone could have improved the objective measure of wheelchair skills that were used. The study was also limited by the use of a single powered wheelchair. Other drive designs (e.g., rear-wheel or front-wheel drive) might have affected skill performance. However, the authors believe that this limitation would only have served to underestimate the WST values; the people in both groups who used powered wheelchairs that better fit and suited them might have performed better.
The lack of any opportunity to practice their skills between training sessions was also a limitation, but, again, one that would only tend to underestimate the positive effects of training. The use of a WST-Q score for a single T2 WST was a limitation, but one that the authors believed was justified to avoid loss of data. It is known that total WST-Q scores are slightly higher than total WST scores, although only by a few percentage points. 37 However, for the involved participant, her T1 (WST) score was 32% and her T2 (WST-Q) score was 52%; this difference was well beyond what would be expected merely as a result of the difference in instruments used. Another limitation was the lack of follow-up data to confirm retention of skills learning beyond the few days between the end of training and the T2 assessment. For manual wheelchair skills training studies, Routhier et al. 26 looked at retention at 3 mos after training and found no deterioration of skill capacity. Finally, no secondary outcome measures were used to assess the impact of training on other important outcomes (e.g., lowered injury rates or improved participation).
Future studies are needed to address these study limitations, for instance, using a larger sample size to permit secondary analyses, using powered wheelchairs of different types, using powered wheelchairs that have been specifically prescribed and fitted for individual participants, providing an opportunity to practice between training sessions, providing a follow-up evaluation at least 3 mos after training, using other relevant outcome measures, as well as extending the scope of the study to include people who use powered wheelchairs for reasons other than stroke. Despite the study limitations and the need for further study, this is the first randomized controlled trial looking at the WSTP for powered wheelchairs, the results are clear-cut, and there is a low risk for error.
CONCLUSIONS
People with stroke who receive formal powered wheelchair skills training improve their powered wheelchair skills to a significantly greater extent (30%) than participants who do not (0%). The extent of change was not affected by the presence of spatial neglect. These findings are significant in lending evidence for the training step of the World Health Organization service delivery process; in extending the promise of formal wheelchair skills training from manual to powered wheelchairs; as well as in reassuring clinicians that people with stroke, even those with spatial neglect, can learn to use powered wheelchairs.
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